The goal of this study was to evaluate the ruminal metabolic parameters and milk fatty acid composition of cows managed under continuous grazing on Marandu grass. Four rumen-cannulated Holstein x Gyr cows with an average milk yield of 21±2 kg day -1 and 79±16 days in milk were used in a 4 x 4 Latin Square design. Each cow received 6 kg day -1 of a concentrate formulated with 0 (control), 1.3, 2.6 or 3.9 kg of roasted soybeans (as-fed basis), which were the experimental treatments. The inclusion of roasted soybeans promoted a linear reduction in the acetate concentration, with no effect on the pH and ruminal ammonia N concentration. There was no effect of the treatments on the ruminal degradability of the dry matter and neutral detergent fiber of Marandu grass or on the kinetic parameters of the fluids in the rumen. There were linear increases in the contents of fat and total solids in the milk and a linear decrease in the milk lactose content, but there was no effect of the treatments on the yield of these components or on milk yield. There were linear increases in milk fat stearic, elaidic, oleic, linoleic and α-linolenic acidis contents, but there was no effect of the treatments on the milk fat contents of vaccenic and rumenic acids. Notably, supplementing Marandu grass with a concentrate containing up to 3.9 kg of roasted soybeans improved the nutritional quality of the milk fat due to increases in the milk fat contents of oleic and α-linolenic acids, which are considered beneficial to human health, and reductions in the levels of lauric, myristic and palmitic, which are considered hypercholesterolemic fatty acids. mestiças Holandês x Gir com 79±16 dias de lactação, produzindo 21±2 kg dia -1 de leite, canuladas no rúmen e alocadas em delineamento Quadrado Latino 4 x 4. Cada vaca recebeu 6 kg dia -1 de concentrado formulado com 0 (Controle); 1,3; 2,6 ou 3,9 kg de grão de soja tostado (base matéria natural), que consistiram nos tratamentos experimentais. A inclusão de grão de soja tostado promoveu redução linear na concentração de acetato, sem efeito sobre o pH e a concentração de N amoniacal no rúmen. Não houve efeito dos tratamentos sobre a degradabilidade ruminal da matéria seca e da fibra em detergente neutro do pasto, nem sobre os parâmetros da cinética de fluidos no rúmen. Houve incremento linear nos teores de gordura e de sólidos totais e redução linear no teor de lactose do leite, mas não houve efeito dos tratamentos sobre as produções destes componentes nem sobre a produção de leite. Houve incremento linear nos teores dos ácidos graxos esteárico, elaídico, oleico, linoleico e α-linolênico no leite, mas não houve efeito dos tratamentos sobre os teores no leite dos ácidos vacênico e rumênico. A suplementação do pasto de capim-Marandu com concentrado contendo até 3,9 kg de grão de soja tostado melhorou a qualidade nutricional da gordura do leite, com aumento nos teores dos ácidos oleico e α-linolênico, benéficos à saúde humana, e redução dos teores dos ácidos graxos hipercolesterolêmicos láurico, mirístico e palmítico. Palavras-chave: Ácido linoleico conjugado. Ácido rumênico. Metabólito ruminal. Urochloa brizantha.
Introduction
The main isomer of CLA (conjugated linoleic acid) in ruminant milk fat is rumenic acid (cis-9, trans-11 CLA), which has anticarcinogenic, antidiabetogenic (type 2 diabetes), antiatherogenic and immunomodulatory properties (YANG et al., 2015) .
Studies show that tropical grasses managed under grazing have high levels of polyunsaturated fatty acids (FA), mainly ω-3 α-linolenic acid (cis-9, cis-12, cis-15 C18:3) and, to a lesser extent, ω-6 linoleic acid (cis-9, cis-12 C18:2), which are the main substrates for the formation of vaccenic acid (trans-11 C18:1) in the rumen KLIEM; . However, oilseeds, such as soybeans, are among the main sources of linoleic acid in ruminant diets in Brazil (LOPES et al., 2011) .
In the mammary gland, trans-11 C18:1 is the precursor for the synthesis of 70-95% of all rumenic acid secreted in bovine milk (KLIEM; . In addition, in human tissues, approximately 19% of the consumed trans-11 C18:1 is converted to rumenic acid (TURPEINEN et al., 2002) . The remainder of the bovine milk rumenic acid is derived from the isomerization of linoleic acid in the rumen, followed by ruminal escape and intestinal absorption of the rumenic acid, its uptake from the blood by the mammary gland and its esterification into the triglycerides in milk fat.
In addition to the rumenic and trans-11 C18:1 FA, the fat in ruminant milk contains other FAs whose consumption benefits human health (FAO, 2010) , such as oleic (cis-9 C18:1), linoleic and α-linolenic acids.
Thus, several studies focusing on nutritional strategies, such as lipid supplementation of the pasture grasses, have been carried out in Brazil and throughout the world (KLIEM; , aiming at obtaining dairy products enriched with the FAs that are considered to be beneficial to health.
Roasted soybeans (RS) is a concentrate feed with relevant nutritional characteristics for inclusion in diets for lactating cows because it is an important source of energy and of rumen undegradable protein (TICE et al., 1993) and has a high content of linoleic acid (e.g., 53.2% of total FAs; MOURTHÉ et al., 2015) .
In companion studies carried out concomitantly with the present study but with the main objective of evaluating the productive performance of the cows, Mourthé et al. (2012 Mourthé et al. ( , 2015 observed an increase in the milk fat content and yield. In addition, there was an improvement in the milk FA profile that was promoted by decreases in the milk fat contents of lauric (C12:0), myristic (C14:0) and palmitic (C16:0) acids, which are considered hypercholesterolemic (FAO, 2010) , and by increases in the milk fat contents of oleic and α-linolenic acids. In addition, high milk fat contents of trans-11 C18:1 (2.19-2.57 g 100 g -1 FA) and rumenic acid (0.93-1.01 g 100 g -1 FA) were obtained (MOURTHÉ et al., 2015) , illustrating the potential of milk production systems based on tropical grass pasture supplemented with RS.
Thus, the goal of the present study was to evaluate the ruminal metabolism of the consumed diets and to associate them with the results of the fatty acid composition in the milk fat of Holstein x Gyr dairy cows grazing on Marandu grass supplemented with increasing amounts of roasted soybeans in the concentrate.
Materials and Methods
The study was carried out from February to April 2009, at the Experimental Field José Henrique Bruschi, from Embrapa Dairy Cattle (Coronel Pacheco, MG, Brazil) , and the meteorological data observed in the experimental period are presented in Table 1 . The experimental protocol was approved by the Animal Experimentation Ethics Committee of the Federal University of Minas Gerais, Belo Horizonte, MG, Brazil (CETEA Protocol #196/08). Four rumen-fistulated multiparous Holstein x Gyr crossbred cows in the initial third of the lactation (79±16 days), with 567±39 kg body weight and producing on average 21±2 kg day -1 of milk, were used. A 4 x 4 Latin square (LS) experimental design was adopted. Each LS period comprised 16 days with 10 days for adaptation to the diets and 6 days for the sampling and data recording.
Throughout the experimental period, the four cows in the present experiment and the 16 cows from the companion work of Mourthé et al. (2012) were managed together under continuous stocking on 9.5 ha of Urochloa brizantha cv. Marandu pasture. The average stocking rate in this pasture was 2.4 animal units ha -1 throughout the experiment. The main target of the management of this pasture was to ensure that the forage allowance was not limiting for the 20 cows. To obtain this objective and to allow the estimation of the mass of forage in the pasture during the experimental period, five pasture samplings were performed: four on the first day of each LS period, and one on the last day of the experiment. The pasture sampling procedures were presented by Mourthé et al. (2012) . During the experimental period, the average DM forage allowance was 22.6 kg 100 kg -1 live weight, corresponding to 119 kg cow -1 day -1 of pasture DM. This result shows that the pasture management target was reached; therefore, the forage allowance was not limiting for the selective grazing of the cows, as indicated by the good nutritional quality of the forage selected in the pasture (Table 2) .
The experimental treatments consisted of pasture supplementation with concentrates formulated with 0 (control), 1.2, 2.4 or 3.6 kg of DM from roasted soybeans -RS (0, 1.3, 2.6 or 3.9 kg of RS, respectively, as-fed basis) ( Table 3 ). The RS partially replaced the energy from ground corn and citrus pulp, as well as the protein from soybean meal. The daily amount of concentrate (6 kg cow -1 , as-fed basis) was divided into two equal parts and supplied after the morning (05h00) and the afternoon (14h00) milking in electronic troughs (American Calan Inc., Northewood, NW, USA) installed in a free-stall barn. The RS were previously ground in a mill with a 10 mm mesh sieve before being mixed with the experimental concentrates, which were prepared weekly, to avoid lipid peroxidation. Toasting of the soybeans was performed under temperatures ranging from 145-149°C for 30-45 sec, with 35 min of steeping (storage in a thermal container after processing, so that the heat penetrated deeper into the grain). continuation Samples of the experimental concentrates and RS were collected in each LS period and frozen for chemical analysis. On the first day of each LS period, forage samples were collected from the pasture using a lactating cow with an esophageal fistula that was adapted to grazing in the experimental area. The extrusa (ingested grass + saliva) collection lasted approximately 40 min and was performed soon after the morning milking. The extrusa sample that accumulated in the collection bag was fractionated in three parts, which were packed in plastic bags and frozen.
The first fraction of the extrusa samples, as well as the experimental concentrates and RS samples collected in each LS period, were lyophilized and milled to analyze the FA composition (Tables 2  and 3 ). These samples were subjected to digestion according to method 996.06 (AOAC, 2005) , and methylation was performed according to Hartman and Lago (1973) . The FA methyl esters (FAME) were analyzed using gas chromatography (Agilent 6890N, Agilent Technologies, Santa Clara, CA, USA) with a fused silica capillary column of cyanopropyl siloxane (60 m x 0.32 mm x 0.25 μm) and a flame ionization detector (FID).
The second fraction of the extrusa samples was thawed, dried in a forced-air circulation oven (55°C, 72 h), milled (1 mm) and, together with the experimental concentrates and RS samples, analyzed for DM (at 105°C), crude protein (CP), ether extract (EE) and neutral detergent fiber (NDF), according to the methods described by Detmann et al. (2012) . For the extrusa and concentrate samples, the in vitro DM digestibility (IVDMD) was also estimated, as described by Mourthé et al. (2012) (Tables 2 and 3 ).
The third fraction of the extrusa samples was thawed, dried, milled (5 mm) in a Willey knife mill and used for estimating the ruminal degradation parameters of DM and NDF (NOCEK, 1988) . For the analysis of ruminal degradation, the dried extrusa samples were packed in nylon bags (10 x 20 cm; 50 μ porosity; 10-20 mg of sample per cm 2 ), with the zero time bags being washed and frozen, while the other bags were incubated in the rumen of each cow on the morning of the 11 th day of each LS period, removed 2, 6, 12, 24, 48 and 96 hours after insertion, and frozen. Subsequently, they were washed, dried and weighed, and the residues were analyzed (DETMANN et al., 2012) . The ruminal degradability parameters were estimated by adjusting the degradation data as a function of time to the nonlinear model described by Tomich and Sampaio (2004) using the NLIN procedure of SAS version 9.0. Curves were generated for each cow in each LS period. The DM and NDF effective degradability were calculated according to Ørskov and McDonald (1979) using the particulate ruminal passage rate of 5% hour -1 .
The ruminal parameters were evaluated on the 13 th and 14 th days of each LS period; samples of rumen fluid were collected immediately before (time zero) and at 2, 4, 6, 8, 10, 12 and 24 hours after the concentrate was supplied in the morning. Then, the pH was measured. Two 10-mL aliquots were added to flasks with 0.4 mL of H 2 SO 4 50% v/v (subsample 1) or 2 mL of metaphosphoric acid 25% v/v (subsample 2) and frozen for further analysis of the ammonia N concentration (subsample 1) according to the INCT-CA N-007/1 method (DETMANN et al., 2012) and for the analysis of the molar concentration (mM) of the volatile fatty acids (VFA) acetate, propionate and butyrate (subsample 2). The VFA concentrations were analyzed using gas chromatography (Agilent 6890N, Agilent Technologies) with an FID and Nukol capillary column (30 m x 22 mm x 0.25 µm) connected to free FA (SUPELCO, Bellefonte, PA, USA).
For the analysis of the kinetics of the fluids in the rumen performed on the 13 th and 14 th days of each LS period, 5 g of Co-EDTA (11.2% Co, DM basis) obtained according to the procedure in Udén et al. (1980) were diluted in 200 mL of distilled water and intraruminally administered to the cows before the concentrate was supplied in the morning. At the same time that the samples for the ruminal fermentation parameters analyses were taken, 5 mL of ruminal fluid was further collected, transferred to tubes and frozen for further Co analysis by atomic absorption spectrophotometry (UDÉN et al., 1980) . The kinetic parameters of the fluids in the rumen were estimated by adjusting the Co concentrations in the rumen fluid as a function of time with the unicompartmental exponential model reported by Valadares Filho and Pina (2011) , using the NLIN procedure of SAS.
The pasture DM intake of the cows was estimated from the 11 th to the 15 th day of each LS period using the external marker chromium oxide (Cr 2 O 3 ) and the IVDMD of the grasses from the pasture and concentrate. The procedures for administering the marker and sampling, processing and analyzing the Cr content in the feces, in addition to the formulas to estimate pasture DM intake, were performed as described by Mourthé et al. (2012) .
Milk yields were recorded from the 11 th to the 15 th day of each LS period. Aliquots of milk from each milking (2/3 at morning milking + 1/3 at afternoon milking) were collected to compose individual samples (30 mL), which were stored in bottles with a bronopol preservative for the analysis of protein, fat, lactose and total solids, which were performed by medium infrared spectrometry (Bentley 2300; Bentley Instruments, Inc., Chaska, MN, USA), and for the analysis of milk urea nitrogen (MUN).
On the 15 th day of each LS period, individual samples of milk were collected in bottles without a preservative and frozen to determine the FA profile. Briefly, the milk lipids were extracted using ammonium hydroxide, ethanol, diethyl ether, and hexane according to reference method 989.05 (AOAC, 2006) . After solvent evaporation under oxygen-free nitrogen, the extracted milk lipids were dissolved in hexane and methyl acetate and transesterified to FAME using freshly prepared methanolic sodium methoxide (CHRISTIE, 1982) . The mixture was neutralized with oxalic acid, and calcium chloride was added to remove the methanol residues. The FAME in a 1.0 μL sample at a split ratio of 1:50 were separated and quantified using a gas chromatograph (model 6890N, Agilent Technologies) fitted with a FID and equipped with a fused-silica capillary column (100 m x 0.25 mm x 0.2 μm film thickness; CP-SIL 88, Varian Inc., Mississauga, ON, USA). The operating conditions included injector and detector temperatures both at 250°C and H 2 as the carrier gas (1 mL min -1 ), and for the FID (35 mL min -1 ), N 2 was the makeup gas (30 mL min -1 ) along with purified air (286 mL min -1 ). The initial temperature was 45°C and held for 4 min, increased by 13°C min -1 to 175°C and held for 27 min, and increased by 4°C min -1 to 215°C and held for 35 min (CRUZ-HERNANDEZ et al., 2007) . The FAME were identified by comparison of their retention times with 4 reference FAME standards (Supelco ® 37 Component FAME Mix #47885-U and Linoleic Acid Methyl Ester Mix #47791 from Sigma-Aldrich, St. Louis, MO, USA; Luta-CLA ® 60 from BASF S/A, São Paulo, Brazil; and GLC-463 from Nu-Chek Prep, Inc., Elysian, MN, USA) and according to their order of elution reported under the same analytical conditions (CRUZ-HERNANDEZ et al., 2007; KRAMER et al., 2008) . The milk FA composition was expressed as a weighted percentage of total FA (g 100 g -1 total FA) using the theoretical relative response factors described by Wolff et al. (1995) .
The nutritional quality of milk fat was evaluated by the atherogenicity (AI) and thrombogenicity (TI) indices, and by the ratios between omega 6 and omega 3 FAs (ω-6/ω-3 FA ratio) and between hypoand hypercholesterolemic FAs (h/H FA ratio). These indices were calculated according to the following equations: AI = [C12:0 + (4*C14:0) + C16:0]/(cis-9 C18:1 + Σ ω-6 cis FA + Σ ω-3 cis FA); TI = (C14:0 + C16:0 + C18:0)/[(0.5*cis-9 C18:1) + (0.5*Σ ω-6 cis FA) + (3*Σ ω-3 cis FA) + (Σ ω-3 cis FA/Σ ω-6 cis FA)]; ω-6:ω-3 FA ratio = Σ ω-6 cis FA/Σ ω-3 cis FA; and h/H FA ratio = (cis-9 C18:1 + Σ ω-3 cis FA)/(C12:0 + C14:0 + C16:0), where Σ ω-3 cis FA = cis-9, cis-12, cis-15 C18:3, and Σ ω-6 cis FA = cis-9, cis-12 C18:2 + cis-6, cis-9, cis-12 γ-C18:3 + cis-11, cis-14 C20:2 + cis-8, cis-11, cis-14 C20:3 + cis-5, cis-8, cis-11, cis-14 C20:4. The index of stearoyl-CoA delta-9 desaturase (SCD) activity was calculated for four pairs of FAs that represent products and substrates for SCD: cis-9 14:1/C14:0, cis-9 16:1/C16:0, cis-9 18:1/C18:0, and cis-9, trans-11 CLA/trans-11 C18:1. The desaturase indices were obtained as described by Kelsey et al. (2003) as follows: (product of SCD)/(product of SCD + substrate of SCD).
On the 16 th day of each LS period, after the morning milking, blood samples were collected by puncture of the coccygeal vein using vacuum tubes (Vacutainer, Becton-Dickinson, Rutherford, NJ, USA) without anticoagulant or containing K-EDTA, respectively, for analysis of plasmatic glucose and nonesterified FA (NEFA) concentrations. These tubes were immediately centrifuged (3,200 x g; 15 min) for plasma extraction, which in turn was transferred and frozen in microtubes (2 mL). The glucose concentration analysis was performed by an enzymatic-colorimetric method in a Biochemistry Analyzer 2700 (YSI, Inc., Yellow Springs, OH, USA), while the plasma NEFA content was determined using the commercial kit NEFA C (Wako Pure Chemicals Industries Ltd., Osaka, Japan).
The results were analyzed using SAS version 9.0. The ruminal fermentation parameters were analyzed as repeated measures in time and were considered to be fixed effects: treatment (kg of RS in the concentrate), sampling time and interaction between these factors, and random effects: cow, LS period and the interaction cow*LS period*treatment. Ten matrices of covariance were evaluated, based on the Akaike information criterion. The other variables were analyzed considering treatment as a fixed effect and cow and LS period as random effects. The linear and quadratic effects of the treatments were analyzed using orthogonal contrasts. Regression equations between specific variables were adjusted by the REG procedure and Pearson correlations obtained by the CORR procedure of SAS. Significant differences were declared at P≤0.05.
Results
There was no effect of the inclusion of RS on the intake of DM, NDF and linoleic and α-linolenic acids from the pasture or on the total DM, NDF and CP intakes. RS supplementation promoted a linear decrease (P = 0.01) in nonfibrous carbohydrate (NFC) intake and a linear increase (P<0.0001) in the total intake of EE and of palmitic, stearic, oleic, linoleic and α-linolenic acids (Table 4) . There was no effect of the treatments on the proportions of roughage and concentrate calculated in the final diets (Table 4) , which ranged from 71:29 to 73:27 (DM basis).
The inclusion of RS did not alter the ruminal degradability parameters for DM and NDF of the pasture or the kinetic parameters of the fluids in the rumen (Table 5) . There was no interaction effect of treatment*sampling time for any ruminal parameter. A linear reduction (P<0.05) in the ruminal concentrations of acetate and total VFA in response to the inclusion of RS was observed, but no effect was observed on the rumen pH or on the ruminal concentrations of ammonia N, propionate and butyrate or on the molar proportions of acetate, propionate and butyrate (Table 6 ). The inclusion of RS promoted linear increases in milk fat (P = 0.016) and total solid contents (P = 0.039) and a linear reduction in the lactose content (P = 0.008); however, no effect on the milk protein content and MUN content was observed. The fat-corrected milk (FCM) yield and fat, lactose and total solids yields were not influenced by the treatments, but a linear reduction (P = 0.03) in protein yield in response to the inclusion of RS was observed (Table 7) .
No effect of the treatments on the glucose and NEFA plasma contents (Table 8) was observed, and they were within the normal range for healthy cows (<0.4 mmol L -1 and 55-70 mg dL -1 , respectively) (SANTOS, 2011). The inclusion of RS in the concentrate altered the contents of the majority of the FAs in the fat milk (Table 9 ). Among the main FAs, linear reductions (P<0.01) in the lauric, myristic and palmitic acid contents in the milk were observed, and linear increases (P<0.05) in the stearic, oleic, elaidic (trans-9 C18:1), linoleic and α-linolenic acid contents in the milk were also observed.
Except for C21:0 acid, the concentrations of all other odd-and branched-chain FAs (OBCFA) were linearly reduced (P<0.05) with the inclusion of RS, which in turn did not alter the trans-10 C18:1, trans-11 C18:1, rumenic, trans-9, cis-11 CLA and trans-10, cis-12 CLA contents in the milk.
The inclusion of RS promoted linear reductions (P<0.05) in the secretion of lauric, myristic and palmitic acids and linear increases (P<0.05) in the secretion of stearic, oleic, linoleic and α-linolenic acids but did not alter the secretion of trans-11 C18:1 and rumenic acids (Table 10) .
Linear reductions in SCD activity for the pairs of FAs cis-9 C14:1/myristic (P = 0.056), cis-9 C16:1/ palmitic (P = 0.016) and oleic/stearic (P = 0.024) were observed in response to the inclusion of RS in the concentrate, but there was no effect on the pair of FAs rumenic/trans-11 C18:1 (Table 11 ). The inclusion of RS in the concentrate promoted linear reductions in AI (P = 0.0008) and IT (P = 0.0016) and a linear increase (P = 0.002) in the h/H FA ratio, but there was no effect (P>0.05) on the ω-6:ω-3 FA ratio (Table 12) . 
Discussion
The similarities in the estimated DM and NDF intakes from pasture among the treatments (Table  4) are consistent with the absence of an effect of the inclusion of RS on the ruminal degradation parameters of pasture DM and NDF (Table 5) . However, the estimated intakes of DM and NDF from the pasture and from the total diet (Table  4) were generally higher than those reported by Mourthé et al. (2012) , who evaluated the same experimental treatments. These differences in the magnitudes of the nutrient intake values cannot be attributed to the milk yields of the cows, which were, in general, similar in both studies. However, an incomplete fecal recovery of the chromic oxide associated with individual variation, as they are aspects inherent to the application of the external marker technique (LOPES, 2007) , may eventually have caused the difference in the DM intake that was estimated in the two studies. However, this is just a hypothesis.
As the total DM intakes were similar among the treatments, there was also no effect of the inclusion of RS on the CP intake from the diet (Table 4) .
However, the substitution of RS (source of EE) for energy sources rich in NFC (e.g., ground corn and citrus pulp) was responsible for the linear increase (P<0.0001) in the total EE intake, as well as the concomitant reduction (P = 0.0143) in the NFC intake when RS was included in the concentrate (Table 4 ). The calculated EE dietary contents were 1.57%, 3.19%, 3.88% and 5.72% DM, respectively, for the diets that included 0, 1.3, 2.6 and 3.9 kg RS in the concentrate, which were lower than the maximum limit of 6-7% recommended by the NRC (2001) to avoid a reduction in the DM intake, especially in the initial lactation phase of the cows.
As expected, the inclusion of RS in the diet promoted increases (P<0.0001) in the dietary intakes of palmitic, stearic, oleic, linoleic and α-linolenic acids (Table 4) , which are present in large concentrations in the concentrates and in the pasture (Tables 2 and 3 ). Regardless of the treatment and because linoleic acid is the major FA in all the concentrates (Table 3) , it was the main FA consumed by the cows. In relation to the control treatment, the inclusion of RS promoted significant increases in linoleic acid intake of 213%, 320% and 562%, respectively, in the diets with 1.3, 2.6 and 3.9 kg RS in the concentrate (Table 4) . As there was no effect (P>0.05) of the inclusion of RS in the concentrate on pasture DM intake, there was a similarity (P>0.05) among the treatments in oleic, linoleic and α-linolenic acid intakes from the pasture (Table 4 ). However, due to the high content of α-linolenic acid in pasture, the pasture contributed a significant fraction of the total α-linolenic acid intake, and α-linolenic acid was the third most consumed FA (Table 4) . α-Linolenic and linoleic acids are, together with oleic acid, the substrates for the formation of the trans-11 C18:1 via partial BH reactions in the rumen (SHINGFIELD et al., 2010) .
The decrease in the amount of fermentable substrates in the rumen, resulting from the substitution of dietary ingredients for RS EE, may be partially responsible for the linear reductions (P = 0.04) in the rumen acetate concentrations and, therefore, in total VFA, which were mainly observed in the treatment with the greatest inclusion of RS (Table 6 ). In relation to the control treatment, reductions of 7.9% and 8.8%, respectively, were observed in the concentrations of acetate and total VFA in the rumen of the cows that received 3.9 kg of RS in the concentrate.
An effect (P = 0.008) of the sampling time on the ruminal concentration of ammonia N was observed. Regardless of the treatment, and at any time of the day, it was below 10 mg dL -1 (data not shown). This value is considered adequate to meet the net requirement of the microbiota that ferments fibrous carbohydrates in the rumen and, preferably, uses ammonia N as a nitrogenous substrate for protein synthesis (VALADARES FILHO; PINA, 2011).
The mean values of ruminal pH ranged from 5.93 to 5.98 (Table 6 ) and were therefore below 6.0, which is considered the critical limit below which the degradation of cellulose is inhibited (VALADARES FILHO; PINA, 2011). However, there was no effect of the treatments on the ruminal degradability of NDF or DM pasture (Table 5) . Despite the absence of an effect (P = 0.35) of sampling time on the ruminal pH, regardless of the treatment, the average pH was higher than 6.0 for only a few sampling times throughout the day, and the highest average value was 6.12 (data not shown). This pH may have moderately limited the activity of the fibrolytic microbiota and, consequently, caused there to be no differences among the treatments in the degradability of NDF and DM from the pasture (Table 5) . However, the values of the pasture degradation parameters (Table 5) can be considered indicative of the good nutritional quality of the pasture consumed, which were, for example, all higher than those estimated by Lopes et al. (2010) for samples of Marandu grass at 56 days of forage growth.
Negative correlations (P<0.01; n = 128) between the pH and the ruminal concentrations of acetate (r = -0.27) and total VFA (r = -0.30) were observed. However, the linear reductions (P = 0.04) observed for these metabolites in response to the inclusion of RS were not sufficient to promote a significant increase in rumen pH (Table 6 ). Cows under grazing that receive a moderate amount of concentrate, as in the present study, could be expected to have larger mean values of ruminal pH, especially considering the high NDF intakes (Table 4 ). The absence of an effect of the treatments on the ruminal pH and on the NDF intake indicates that other factors besides the composition of the experimental concentrates, such as the times the concentrates were supplied and the feeding behavior of the cows under grazing, may have modulated the pH values. In this sense, in the summer, as discussed by Pires et al. (2001) , cows interrupt grazing on pastures of tropical grasses between morning and afternoon milking, thus avoiding the hottest hours of the day. At this season of year, according to these authors, the two main grazing peaks are at sunrise and sunset, which are times of low ambient temperature. Thus, because the concentrates were supplied separately from the forage and at times far from those with higher grazing activity, it is possible that the large contribution of fermentable substrates from the concentrate was responsible, at least in part, for the lower ruminal pH values.
The absence of an effect of the inclusion of RS on the passage rate of the fluids in the rumen (Table  5) can be explained by the similarity in DM intake of the pasture, which was expressed in kg day -1 and in percentage of live weight -%LW (Table 4) , and in the DM intake of the concentrates (%LW), which, according to Seo et al. (2006) , are responsible for modulating the passage rate of the fluids in the rumen. For tropical grass hay-based diets, Bateman and Jenkins (1998) also did not observe an effect (P>0.05) of an inclusion of up to 8% soybean oil in the diet DM on the rumen fluids passage rate (10.30 to 10.74% hour -1 ) and ruminal fluid volume (80.6 to 91.8 L) in nonlactating cows.
Because the milk yield was similar among the treatments, there was no effect of the inclusion of RS on the FCM yield or on the yields of fat, lactose and total solids despite the linear increases observed in fat and total solids contents in the milk and the linear reduction in the lactose content ( Table 7 ).
The synthesis of lactose is mainly modulated by plasma glucose synthesized via gluconeogenesis from the propionate produced in the rumen . The inclusion of RS did not alter the concentration of propionate in the rumen (Table  6 ) but promoted a linear increase (P = 0.05) in the plasma glucose concentration (Table 8 ). According to Wu and Huber (1994) , in diets supplemented with fat, the de novo synthesis of FA is reduced as a function of dietary FA incorporation. This reduction causes a reduction in the requirement for acetate and increases the availability of glucose for the synthesis of lactose. However, in the present study, despite the reduction in de novo FA synthesis (Tables 9 and 10 ) and the higher plasma glucose concentration (Table 8) , there was no increase in lactose content in milk, which, in contrast, was linearly reduced in response to the inclusion of RS (Table 7) . This result explains the absence of a correlation (P = 0.78) between plasma glucose and the milk lactose content, indicating that other factors may have modulated lactose synthesis in milk. One hypothesis is that the reduction in the lactose content of the milk could be associated with the reduction (P = 0.01) in NFC intake (Table 4) . However, there was also no correlation (P = 0.81) between these variables.
When the control treatment was compared with the diet with 3.9 kg of RS in the concentrate, the increase in the milk fat content was 14%. However, this increase was not reflected in the fat yield, which was similar between the treatments (Table 7) . Thus, the absence of an effect of the inclusion of RS on the daily fat yield indicates that for the net balance of FA esterification of milk fat triglycerides, the reduction in the de novo-synthesized saturated FAs, which have a lower carbon chain length (C4:0 to C16:0), was apparently compensated for by the increase in dietary FAs (mainly from RS) in the rumen and/or synthesized in the mammary gland, such as, long chain saturated FAs C18:0 to C24:0, C18:1 FAs and polyunsaturated FAs ( Table 9 ).
The linear increase (P<0.05) in the secretion of stearic, oleic, linoleic and α-linolenic FAs in the milk and the linear reduction (P<0.05) in the FAs from the de novo synthesis (e.g., lauric, myristic, palmitic, Σ C4:0 to C16:0 FAs) illustrate how the inclusion of RS affected the daily yield of these FAs (Table 10 ). When the control diet was compared with that with 3.9 kg of RS in the concentrate, there was an increase of 48%, 23%, 240% and 155% in the secretion of stearic, oleic, linoleic and α-linolenic FAs, respectively. However, a reduction of 36%, 32% and 22% in the secretion of lauric, myristic and palmitic acids was observed, respectively.
There was a positive correlation (r = 0.70; P = 0.002) between the milk fat content and the content of the long chain saturated FAs C18:0 to C24:0 in the milk. The content of de novo-synthesized FAs decreased by 27%, while the contents of saturated long-chain FAs and polyunsaturated FAs increased by 43% and 193%, respectively, in the milk of the cows that received 3.9 kg of RS in the concentrate compared with that in the milk from cows fed the control treatment (Table 9) .
No effect of dietary RS on the milk protein content (P = 0.54) was observed, but there was a linear reduction (P = 0.03) in the yield of this component, which was mainly reduced when 3.9 kg of RS was included in the concentrate (Table 7) . In diets supplemented with soybean meal versus RS, the results for milk yield and milk protein content are inconsistent, as reported by Wu and Huber (1994) . In some studies, the inclusion of RS promoted a decrease in the milk protein content with no change in milk yield, while in others, there was a reduction in milk yield with no change in the milk protein content. The factors involved in modulating the effects promoted by the heat treatment of soybeans on the milk yield and composition of cows receiving RS may be associated with the lower intake of digestible nutrients and a lower availability of fermentable substrates in the rumen, reducing the bacterial N flux, as well as with the thermal processing used for toasting and the particle size of the supplied RS, etc. (TICE et al., 1993; WU; HUBER, 1994; DHIMAN et al., 1997; NRC, 2001) . In a companion study, Mourthé et al. (2012) evaluated the same treatments in the present study and did not observe differences in milk yields corrected or not corrected for fat, or in the lactose and total solids yields, or in the milk protein content and MUN. These authors also reported an increase in the milk fat content in response to the inclusion of RS in the concentrate, but they did not observe an effect of the treatments on the contents of lactose and total solids in the milk or on the protein yield.
The inclusion of RS in the concentrate promoted a linear reduction (P<0.05) in milk FA contents from de novo synthesis in the mammary gland (Table 9) , which is responsible for 100% of the secretion of C4:0, C6:0, C8:0, C10:0 and C12:0, approximately 95% of C14:0, and 50% of C16:0 in milk fat (KLIEM; . The reduction in the concentrations of these FAs in bovine milk fat in response to the inclusion of RS in the diet is well documented in the literature (DHIMAN et al., 1995; LIU et al., 2008; MOURTHÉ et al., 2015) and may be promoted by factors, such as i) limiting ruminal fermentation of fiber, resulting in lower concentrations of acetate and butyrate, and therefore reducing the plasma availability of precursors for de novo FA synthesis in the mammary gland (BERNARD et al., 2008; SHINGFIELD et al., 2010) ; ii) a high availability of long-chain FAs in the mammary gland and their selective and preferential incorporation into milk fat triglycerides, which is a detriment to the de novosynthesized FAs (SHINGFIELD et al., 2010) ; and iii) a reduction in the abundance of mRNAs and expression of lipogenic genes (e.g., ACAC, FASN, , which encode the transcription factors (e.g., SREPB-1) and key enzymes (e.g., acetylCoA carboxylase, FA synthetase) of de novo FA synthesis in response to the high concentration of long chain FAs in the mammary gland (JAYAN, 1998; BERNARD et al., 2008; KADEGOWDA et al., 2009; SHINGFIELD et al., 2010) . Considering these factors and the present data, where a reduction in the rumen concentration of acetate was observed, the lower availability of acetyl-CoA in the mammary gland may have contributed to the reduction in de novo FAs and their secretion into the milk.
In addition, with diets that included 1.42 kg day -1 of RS, Liu et al. (2008) observed an increase in the concentration of linoleic acid in the plasma of cows. Thus, it is possible that the increases in the stearic, oleic, linoleic and α-linolenic acid contents in the milk are a consequence of the elevation in their plasma concentrations in those cows that received RS. A high availability of stearic, oleic, linoleic and α-linolenic acids in plasma can inhibit enzymes related to de novo FA synthesis in the mammary gland. Kadegowda et al. (2009) observed that stearic acid promoted a reduction of 56% and 69%, respectively, in the expression of acetyl-CoA carboxylase and FA synthetase enzymes. According to these authors, since there is no endogenous synthesis of stearic acid, which is primarily uptaken from the plasma, the mammary gland cells reduce de novo FA synthesis in favor of FA esterification reactions for milk fat triglycerides. Additionally, Dawson and Herbein (1996) and Jayan (1998) demonstrated that oleic, linoleic and α-linolenic acids, as well as other long-chain unsaturated acids (e.g., rumenic and trans-11 C18:1 acids), promoted a reduction in de novo FA synthesis.
However, the fact that the preferential incorporation of long-chain FAs in milk fat is a detriment to de novo-synthesized FA can be exemplified by the high negative correlations observed between the contents of the C4:0-C16:0 FAs in the milk and the milk fat contents of stearic (r = -0.79; P = 0.0003), oleic, linoleic and α-linolenic acids (r = -0.86 to -0.88; P<0.01), for which the inclusion of RS promoted a linear increase in the milk (Table 9 ). Compared to the control treatment, a 44%, 22%, 240% and 147% increase, respectively, in the milk contents of stearic, oleic, linoleic and α-linolenic acids were observed when 3.9 kg of RS was included in the concentrate ( Table 9 ). The results show that an increase in the supply of the sources of these FAs in the diet increases their concentrations in the milk (DHIMAN et al., 1995; LIU et al., 2008; MOURTHÉ et al., 2015) .
Studies have also reported increased a stearic acid content in milk fat from cows receiving diets supplemented with RS (DHIMAN et al., 1995; LIU et al., 2008; MOURTHÉ et al., 2015) . This result may indicate that the BH of the monoand polyunsaturated FAs in the rumen was not impaired even under ruminal pH values below 6.0 during most of the day (data not shown). It should be pointed out that the main microorganisms responsible for the BH reactions of these FAs in the rumen are fibrolytic bacteria, which, in addition to being sensitive to ruminal pH<6.0 (VALADARES FILHO; PINA, 2011), are also the most vulnerable to the bacteriostatic effects of polyunsaturated FAs (VLAEMINCK et al., 2006) . However, despite the high intake of oleic, linoleic and α-linolenic acids from the RS diets (Table 4) , the protective properties of the oil caused by toasting reduced the availability of these FAs in the rumen, which, in their free form, are the substrates for the microbiota in the various ruminal BH pathways (SHINGFIELD et al., 2010) . Thus, it is likely that the unsaturated FAs originating from the lipolysis of glyco-and phospholipids from the grass, especially their major FA (α-linolenic acid), were important substrates for the BH reactions that occurred in the rumen. The common final product of ruminal BH pathways is stearic acid, with the main intermediates being the trans-6-16 C18:1 and cis-10-15 C18:1 FAs, and conjugated isomers (e.g., rumenic acid, trans-9, cis-11 CLA and trans-10, cis-12 CLA) of linoleic acid (SHINGFIELD et al., 2010) . Thus, due to the lower availability of the substrates for BH in the rumen, the inclusion of RS promoted a linear increase (P<0.05) in the milk content of only a few of the known intermediates of ruminal BH of oleic, linoleic and α-linolenic acids, such as cis-11 C18:1, cis-12 C18:1, trans-4 to trans-8 C18:1, elaidic acid, trans-12 C18:1 and cis-9, trans-12 C18:2 (Table 9 ).
No effect of the treatments (P>0.05) on the milk contents of trans-11 C18:1 and trans-10 C18:1 was observed (Table 9 ). These FAs, together with elaidic acid, are among the major trans-C18:1 monounsaturated isomers formed by the ruminal BH pathway of linoleic acid (SHINGFIELD et al., 2010) , which, regardless of the treatment, was quantitatively the most consumed FA (Table 4) . Elaidic acid and trans-10 C18:1 have been associated with deleterious effects on cardiovascular health (ALMEIDA et al., 2014) ; therefore, increasing their milk contents is not desirable for human nutrition. However, the inclusion of RS promoted a linear increase (P = 0.05) in the content of elaidic acid in the milk (Table 9) . In absolute terms, the levels of elaidic acid in the milk observed in the present study are near the lower limit of the range of values (0.33 to 0.73 g 100 g -1 FA) compiled by Kliem and Shingfield (2016) , who studied the inclusion of vegetable oils in diets supplied to cows. In addition, the observed contents of trans-10 C18:1 (Table 9) in the milks are well below the values reported by these authors (0.51 to 18.62 g 100 -1 FA). However, trans-11 C18:1 acid, which was the major isomer among the trans-C18:1 FAs, is the precursor for 70-95% of the synthesis of all rumenic acid secreted in bovine milk (KLIEM; SHINGFIELD, 2016). Therefore, diets that promote an increase in the supply of trans-11 C18:1 from the rumen to the mammary gland, in general, result in higher levels of rumenic acid in the milk. However, as there was no effect of the inclusion of RS on the content of trans-11 C18:1 in the milk, there was a similarity among treatments regarding the content of rumenic acid in the milk (Table 9 ). The contents of trans-11 C18:1 and rumenic acid in the milk were higher than those obtained by Mourthé et al. (2015) , which were 2.19-2.57 g 100 g -1 FA and 0.93-1.01 g 100 g -1 FA, respectively, when the same treatments were evaluated. These values can be considered high when compared to those of milk from cows receiving typical confinement diets based on conserved forages and concentrates, illustrating the potential of tropical grasses in the production of milk that is naturally enriched with rumenic acid and trans-11 C18:1 .
A reduction in SCD activity was observed for the pairs of FAs cis-9 C14:1/myristic (P = 0.0563), cis-9 C16:1/palmitic (P = 0.01) and oleic/stearic (P = 0.02) in response to the inclusion of RS in the concentrate (Table 11) , which contributed to the linear reductions (P<0.01) in the contents of cis-9 C14:1 and cis-9 C16:1 in the milk (Table 9 ). The linear reduction (P = 0.02) in SCD activity for the pair of FAs oleic/stearic in response to the inclusion of RS in the concentrate (Table 10 ) highlights the importance of the contribution of oleic acid from RS, which escapes ruminal BH and is uptaken from the plasma by the mammary gland for its secretion in milk. The esterification of the oleic acid at the sn-3 position of the triglyceride is an important mechanism of control for the melting point and the fluidity of milk fat (BERNARD et al., 2008) .
Notably, the absence of an effect of SCD activity on the pair of FAs rumenic/trans-11 C18:1 may be related to the escape or reduction via BH of unsaturated FAs from RS in the rumen, causing a low availability of trans-11 C18:1 acid in the rumen, and subsequently in the plasma, to be used as a substrate for SCD in the mammary gland. According to Jayan (1998) , an increase in the trans-11 C18:1 acid concentration in the bovine mammary epithelium was associated with higher SCD cellular activity. Leskinen et al. (2016) reported that the infusion of 10.4 to 31.2 g day -1 of Co-EDTA per cow (≈ 1.5 to 4.5 g Co day -1 ) promoted dose-dependent reductions in concentrations and secretion of FAs containing cis-9 double bond in milk. According to these authors, Co-EDTA partially inhibited or decreased the rate of desaturation of the SCD enzyme in the mammary gland of cows. In the present study, approximately 0.56 g day -1 of Co was administered per cow, which is much lower than the value evaluated by Leskinen et al. (2016) . In addition, the calculated values for the SCD activity indices (Table 11) were similar to those reported by Mourthé et al. (2015) , who evaluated the same treatments as in the present study but did not administer Co-EDTA to the cows. In this study, the higher slope coefficient of the regression between the contents of rumenic acid and trans-11 C18:1 acid in the milk (ŷ = 0.333733*x + 0.24188; r 2 adj = 0.56; P = 0.0005) than that presented by Mourthé et al. (2015) (ŷ = 0.322842*x + 0.1896; r 2 = 0.70; P <0.0001) indicates that the administration of Co-EDTA did not reduce the SCD activity for the pair of FAs rumenic/trans-11 C18:1.
The inclusion of RS in the concentrate promoted a linear reduction (P<0.05) in the contents of most OBCFA in the milk (Table 9 ). These FAs originate from the digestion and absorption of lipids synthesized by the ruminal bacteria, as well as from the de novo synthesis of C13:0, C15:0 and C17:0 FAs in the mammary gland, which use propionylCoA as a substrate (KLIEM; SHINGFIELD, 2016). The lower contents of OBCFA in the milk in response to the inclusion of RS can be considered indicative of the reduced activity and growth of bacterial communities as a consequence of the adaptive changes in the rumen environment of the cows (VLAEMINCK et al., 2006) . The reduction in fermentable substrates in the rumen due to the inclusion of RS in the diet possibly contributed to limiting the development of the ruminal microbiota. This hypothesis is corroborated by the negative correlation (r = -0.86; P<0.0001) between the content of OBCFA in the milk and EE intake. In addition, the positive correlation (r = 0.69; P<0.01) observed between the contents of C4:0-C16:0 FAs in the milk and OBCFA is another indication of the negative impact of the inclusion of RS on de novo synthesis of FAs in the mammary gland.
Except for linoleic acid, and cis-8, cis-11, cis-14 C20:3, there was no effect of the inclusion of RS in the concentrate on the contents of the other ω-6 FAs in the milk ( Table 9 ).
The inclusion of RS in the concentrate improved the nutritional quality of the milk fat since there were linear reductions in the AI (P = 0.0008) and IT (P = 0.0016) and a linear increase (P = 0.002) in the h/H FA ratio (Table 12 ). This result may mainly be attributed to the decrease in the contents of lauric, myristic and palmitic hypercholesterolemic FAs in the milk (FAO, 2010) and the concomitant increase in the oleic acid content, and, specifically for the IT, may also be due to the increase in content of stearic acid in the milk (Table 9 ). The production of fat milk with a higher concentration of oleic acid, which is associated with a reduction in the cholesterol-LDL fraction, and lower concentrations of hypercholesterolemic FAs is desirable for human health because it may be associated with a reduction in the risk of cardiovascular diseases (FAO, 2010) . There was no effect (P = 0.0549) of the inclusion of RS on the ω-6:ω-3 FA ratio, which, according to FAO (2010), is not a useful index to measure the dietary recommendations aimed at reducing the risk of cardiovascular disease.
Conclusions
Supplementing Marandu grass with a concentrate containing up to 3.9 kg of roasted soybeans reduced the concentration of acetate in the rumen but did not alter the rumen degradability of the fiber from pasture, dry matter intake or milk yield. The inclusion of RS increased the milk fat content, which had a better nutritional quality from increases in the contents of oleic and α-linolenic acids, which are beneficial to human health, and reductions in hypercholesterolemic fatty acid contents.
